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ABSTRACT : 



PURPOSE: To improve the long time durability and reliability of a solid electrolytic fuel 
cell(SOFC), and reduce the manufacturing cost of a cell by a co- sintering method. 

CONSTITUTION: A lanthanum strontium manganate air electrode material is provided 
integrally with zirconia solid electrolyte material. It is made stabilization-treatment by 
scandia, and is blended with alumina. Solid solution of a manganese ion in the air 
electrode material into a grain boundary is restrained by preferential reaction to alumina 
existing in the grain boundary of the solid electrolytic material. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the solid oxide fuel cell characterized by said zirconia system solid electrolyte ingredient reacting as 
preferentially as the alumina with which an alumina is blended while stabilizing treatment is made by scandia, and the 
manganese ion in an air pole ingredient exists in the grain boundary in the solid electrolyte ingredient by preparing a 
lanthanum strontium comics NETO system air pole ingredient in a zirconia system solid electrolyte ingredient in one, 
and coming to control the dissolution diffusion to the solid electrolyte ingredient of manganese ion. 
[Claim 2] The manufacture approach of the solid oxide fuel cell eel characterized by applying a lanthanum strontium 
comics NETO system air pole ingredient to the opposite side side of said solid electrolyte plate, and co-sintering this 
air pole ingredient and said fuel electrode ingredient on the front face of said solid electrolyte plate with a common 
burning temperature while applying a fuel electrode ingredient like nickel cermet ingredient to the single-sided side of 
the solid electrolyte plate by the scandia fully-stabilized-zirconia system ingredient with which the alumina was 
blended. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of SOFC which has improved the cell 
engine performance by control of the resultant in the interface of a solid electrolyte and an air pole, and its fuel cell eel 
in more detail about a solid oxide fuel cell (it is hereafter called "SOFC" for short.). 
[0002] 

[Description of the Prior Art] the high on-site of the environment nature which a pollution problem does not produce 
compared with the phosphoric acid fuel cell or fused carbonate fuel cell of a class with which solid oxide fuel cells 
(SOFC) differ in the former and this kind of fuel cell by generating efficiency being high and combining with gas 
turbine power generation etc. using elevated-temperature waste heat — business — application to a cogeneration system 
etc. is expected. 

[0003] By the way, the yttria-stabilized-zirconia ingredient (it is hereafter called a "YSZ ingredient" for short.) has 
been used as what is conventionally excellent in an electrical property (especially conductivity property), and can aim 
at stability of the crystal structure in operating temperature (about 1150 degrees C) as a solid electrolyte ingredient of 
this SOFC. 

[0004] And the fuel electrode by nickel cermet ingredient is prepared in the single-sided field of the solid electrolyte 
plate by this YSZ ingredient, and it is lanthanum strontium comics NETO (La (Sr) Mn03) in the opposite side side of a 
solid electrolyte plate. Generally what constituted the size D battery eel which prepared the air pole by the ingredient is 
known. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it reacts in the elevated-temperature ambient atmosphere of 
Y203-Zr02 and long duration where LaSrMn03 which is an air pole ingredient is a YSZ solid electrolyte ingredient 
according to SOFC of such the cell cellular structure, it sets to the interface, and is La2Zr 207. It generates. And this 
La2Zr 207 Since it had insulation, when it was generated by the interface of an electrode and an electrolyte, the cell 
engine performance was affected greatly and it had become the cause that the dependability of a cell falls in the long 
run. 

[0006] Moreover, according to the cell eel of a configuration of having mentioned above, although the burning 
temperature of a solid electrolyte plate or a fuel electrode is 1400-1500 degrees C, it receives. Burning temperature of 
an air pole is made into 1 150-degree-C order in order to avoid the diffusion to the solid electrolyte ingredient of the air 
pole ingredient. Although the co-sintering which applies a fuel electrode ingredient and an air ingredient to a solid 
electrolyte plate by slurry coating, respectively for the simplification of electric adhesion or a production process, and 
is calcinated at once is desirable Baking of an electrolyte and baking to the electrolyte of an electrode had to be 
performed for current at another process. 

[0007] The place which it is made in order that this invention may solve such a trouble, and is made into the purpose is 
to carry out long duration stability, able to maintain the cell engine performance, and offer SOFC with the high 
dependability as a cell. Moreover, another purpose of this invention also uses cheap-ization of a manufacturing cost as 
an achievement plug by implementation of manufacture of the cell eel by the co-sintering method of a solid electrolyte 
and an electrode. 
[0008] 

[Means for Solving the Problem] In order to attain such a purpose the solid oxide fuel cell (SOFC) of this invention A 
lanthanum strontium comics NETO system air pole ingredient is prepared in a zirconia system solid electrolyte 
ingredient in one. As for said zirconia system solid electrolyte ingredient, an alumina is blended while stabilizing 
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treatment is made by scandia. The manganese ion in an air pole ingredient reacts preferentially with the alumina which 
exists in the grain boundary in the solid electrolyte ingredient, and let it be a summary to come to control the 
dissolution diffusion to the solid electrolyte ingredient of manganese ion. 

[0009] Moreover, while the second of this inventions applies a fuel electrode ingredient like nickel cermet ingredient to 
the single-sided side of the solid electrolyte plate by the scandia fully-stabilized-zirconia system ingredient with which 
the alumina was blended A lanthanum strontium comics NETO system air pole ingredient is applied to the opposite 
side side of said solid electrolyte plate. This air pole ingredient and said fuel electrode ingredient with a common 
burning temperature Let it be a summary to manufacture the fuel cell eel of SOFC by co-sintering on the front face of 
said solid electrolyte plate. 
[0010] 

[Example] Introduction and the experiment approach are explained and consideration is explained to an experimental 
result list below. 

(The experiment approach) The scandia fully-stabilized-zirconia ScSZ raw material powder which is the solid 
electrolyte ingredient of this invention was prepared with the sol gel process (formic acid method) for the purpose of 
mixing to homogeneity on Sc203 atom level. It was made first to dissolve in the concentrated nitric acid which heated 
Sc 203 (% [ 99.9 ], Mitsuwa Chemicals), and after diluting with distilled water, ZrO(N03)2H20 (99%, Mitsuwa 
Chemicals) was added. Adding and stirring formic acid and a polyethylene glycol in this solution, heating solidification 
was carried out and the precursor was obtained. Next, temporary quenching of the obtained precursor was carried out at 
800 degrees C for 12 hours, and it considered as ScSZ raw material powder. 

[001 1] Moreover, the raw material of lanthanum strontium comics NETO (La0.85Sr0.15MnO3) (it is hereafter called 
"LSM" for short.) which is an air pole ingredient La2 (N03)33H20 (a best, KISHEDA chemistry), Sr (N03)2 (a best, 
KISHIDA chemistry), 2(NH4) C204H20 (a best, KISHIDA chemistry), and MnC2O42H20 (a best, KISHIDA 
chemistry) were used. 

[0012] and these and aluminum 203 after mixing powder (99.99%, Daimei Telecom Engineering chemistry) with a 
predetermined mixing ratio, until NOx stops coming out by the burner in a beaker — heating — the — postforming was 
carried out, and by 500 degrees C, 12-hour temporary quenching and after carrying out grinding shaping, it calcinated 
at 950 degrees C for 12 hours. The 8mole%YSZ raw material powder which is the conventional solid electrolyte 
ingredient used for the comparison used TOSOH TZ-8Y. 

[0013] Moreover, it is the mixing powder after in the case of this invention article measuring the specified quantity, 
respectively, carrying out wet blending of 1 lmole%ScSZ raw material powder, 20aluminum3 powder, and the LSM 
powder with a ball mill with ethyl alcohol for 24 hours and drying about the sample for X-ray analyses 1000 kg/cm2 
One shaft was fabricated. The Plastic solid was calcinated at 1300-1500 degrees C next for 5 hours, and the sample was 
obtained. The X diffraction was measured by CuK alpha rays using PW1792 mold made from PHILIPS. Si powder was 
used as an internal standard. 

[0014] Moreover, LSM powder was blended by the adjustment approach with the same said of 8mole%YSZ (it does 
not blend aluminum203) as a comparison sample, aluminum203 combination 8mole%YSZ, and 1 lmole%ScSZ (it 
does not blend aluminum203), and the sample for X-ray analyses was created, since there is merely a difference among 
some conditions in 1000-1500 degrees C about burning temperature, refer to the below-mentioned experimental result 
(data) — ****. 

[0015] On the other hand, 20ScSZ-aluminum3 composite material for EPMA calcinated 1700 degrees C of green 
sheets by the doctor blade method for 15 hours, and obtained the sample. LSM powder was melted by the polyethylene 
glycol, and it applied to 20ScSZ-aluminum3 plate, and was able to be burned in the 1 150-1350-degree C ambient 
atmosphere for 5 hours. EPMA was measured using Shimadzu EPMA1400. 

[0016] (An experimental result and consideration) The X diffraction result of the sample which mixed and calcinated 
LSM powder to drawing 1 at 20mole%aluminum2O3-80mole%l IScSZ (it is hereafter called "1 1ScSZ20A m for short.) 
was shown. Let the mixed ratio of 1 1ScSZ(s)20A powder and LSM powder be tales doses (50:50). Burning 
temperature is made into three conditions (1300 degrees C, 1400 degrees C, and 1500 degrees C). Moreover, the X 
diffraction result of the sample which mixed and calcinated LSM powder to the conventional 8YSZ(s) (with no 
20aluminum3 combination) was shown in drawing 2 . Let too the mixed ratio of 8YSZ powder and LSM powder be 
tales doses (50:50). Burning temperature is merely made into three conditions (1000 degrees C, 1200 degrees C, and 
1400 degrees C). 

[0017] La2Zr 207 which is a reactant above 1200 degrees C by the mixed baking object of 8YSZ powder and LSM 
powder according to the comparison of this drawing 1 and drawing 2 It is generating and at least 1400 degrees C are 
La2Zr 207. Generation is accepted. On the other hand, with the mixed baking object of 1 1ScSZ(s)20A powder and 
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LSM powder, it is La2Zr 207 above 1300 degrees C. A product is not accepted. 

[0018] From this, it is recollected that the mixed baking object of 1 1ScSZ20A powder and LSM powder of diffusion 
into the solid electrolyte ingredient of Mn ion in LSM (Mn3+) is later than the mixed baking object of 8YSZ powder 
and LSM powder. And if 1 lScSZ(s)20A is used as a solid electrolyte ingredient, even if it calcinates with a burning 
temperature (1300 degrees C or more) higher than the case where the conventional 8YSZ(s) are used, generation of 
La2Zr 207 which spoils a cell property is not accepted, but it can be said that baking with an applied high burning 
temperature is possible. 

[0019] Drawing 3 showed the X diffraction result of the sample which mixed and calcinated LSM powder to 8YSZ 
powder at the mixed baking object of the thing and LSM powder which blended 20aluminum3 powder, i.e., 20mole% 
aluminum2O3-80mole%8YSZ, (it is hereafter called n 8YSZ20A" for short.) to the pan. Let the mixed ratio of 8YSZ(s) 
20A powder and LSM powder be tales doses (50:50). Burning temperature is made into three conditions (1300 degrees 
C, 1400 degrees C, and 1500 degrees C). 

[0020] It is La2Zr 207 like the sample shown in this drawing 3 , i.e., the sample with which the mixed baking object of 
8YSZ20A powder and LSM powder does not blend an alumina (aluminum 203), either, (refer to drawing 2 ). 
Generation was accepted. Therefore, it is La2Zr 207 by blending an alumina (aluminum 203) with 8YSZ solid 
electrolyte ingredient. Most effectiveness of controlling generation is not accepted. 

[0021] Drawing 4 shows the X diffraction result of the sample which mixed and calcinated LSM powder to the mixed 
baking object of the 1 IScSZ powder and the LSM powder which do not blend aluminum 203 further, i.e., 1 IScSZ 
powder. The mixed ratio of 1 IScSZ powder and LSM powder is too made into tales doses (50:50). The same 
temperature, i.e., 1300 degrees C, is used for burning temperature for the comparison with what this invention article 
shown in drawing 1 blended aluminum203. 

[0022] In the direction of 1 lScSZ(s) which do not blend aluminum 203 from the comparison with this drawing 1 and 
drawing 4 , it is La2Zr 207. The direction of 1 lScSZ(s)20A which blended aluminum 203 was not produced to 
generating. Since the diffraction pattern of LSM and aluminum 203 was not seen and they reacted, it is La2Zr 207. It 
is thought that it did not generate. 

[0023] Drawing 5 shows the analysis result (electron microscope photograph) of EPMA which showed existence of Mn 
element of the interface of an air pole and 201 1 ScSZ-aluminum3 composite material. The rate of a compounding ratio 
of aluminum 203 in a solid electrolyte ingredient is made into 1 lScSZ(s)80mole% to aluminum2O320mole% like the 
above-mentioned sample. Moreover, the three-stage (1150 degrees C, 1250 degrees C, and 1350 degrees C) is used for 
burning temperature. Consequently, although Mn is hardly spread inside an electrolyte at 1 150 degrees C and 1250 
degrees C, it turns out at 1350 degrees C that it is spread. 

[0024] Moreover, when the same sample is calcinated at 1350 degrees C, drawing 6 expands near an interface and 
shows existence of Mn, aluminum, and La element using EPMA. Mn was diffused to the interior of an electrolyte to 
having not diffused most La(s) in an electrolyte. La3+ which Mn3+ was spread at the electrolyte also in ScSZ as well 
as the reaction of YSZ and LSM, and remained in the interface is Zr02. It reacts and is La2Zr 207. It is thought that it 
generates. 

[0025] As shown in drawing, distribution of Mn and distribution of aluminum are in agreement, and Mn was spread in 
the electrolyte and has reacted with aluminum, aluminum 203 is Zr02. Although it exists in the grain boundary of 
ScSZ since it hardly dissolves, Mn is hardly distributed over ScSZ from distribution of Mn, but, as for being in 
agreement with distribution of aluminum 203, diffusion of Mn is considered to be generated through a grain boundary. 

[0026] Although the experimental result of above various kinds was explained, if these are summarized, the reaction 
mechanism of solid electrolyte Y203-Zr02 (YSZ) ingredient and a LaSrMn03 (LSM) air-pole ingredient will be 
considered as follows. That is, Mn ion of an LSM air pole ingredient is Zr02 of a YSZ solid electrolyte in the first 
place. It dissolves and an LSM air pole ingredient component decomposes. Next, the remaining La ion reacts with 
Zr02, and La2Zr 207 generates. Therefore, Zr02 La2Zr 207 whose thing which Mn ion tends to dissolve and is easy 
to react with La ion is a reaction Shigeo object It can be said to be what it is easy to produce. 
[0027] On the other hand, the reaction of air pole ingredient La0.85Sr0.15MnO3 and 20ScSZ-aluminum3 solid 
electrolyte has low reactivity compared with 8YSZ solid electrolyte conventionally used well as a SOFC electrolyte 
ingredient. This is Zr02 of a solid electrolyte ingredient. With the composite material which added aluminum 203, 
aluminum 203 is Zr02. Since it hardly dissolves, aluminum 203 exists in the grain boundary of a solid electrolyte 
Zr02 as it is. 

[0028] And LSM which is an air pole ingredient is aluminum 203 from Zr02. It is easy to react and a reactant with 
aluminum 203 arises in aluminum203 addition composite material. Therefore, although Mn ion in an air pole 
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ingredient (Mn3+) is diffused into the solid electrolyte ingredient of ScSZ-aluminum 203, even if diffusion of the Mn 
ion 'is slower than the case of a YSZ solid electrolyte and it is moreover spread, it is not diffused it reacting with 
aluminum 203 along an electrolytic grain boundary, and Mn ion does not carry out dissolution diffusion into the grain 
of a ScSZ solid electrolyte. 

[0029] And the following can be said from this. That is, although aluminum 203 in a solid electrolyte ingredient is an 
insulator originally, since it exists in a grain boundary chiefly, even if a reactant with an air pole ingredient arises, it 
cannot exist even in a grain only by the resultant existing in the grain boundary of a solid electrolyte ingredient, and the 
engine performance of the cell itself does not change. Therefore, improvement in the long-term endurance as a fuel cell 
and dependability is expected also by use exposed to the high temperature ambient atmosphere for a long period of 
time by adopting the scandia fully-stabilized-zirconia ingredient (ScSZ ingredient) of alumina combination as a solid 
electrolyte ingredient, and adopting a lanthanum strontium comics NETO ingredient (LaSrMn03) as this as an air pole 
ingredient. 

[0030] Moreover, the burning temperature of an air pole ingredient is also La2Zr 207 by the diffusion reaction of the 
air pole ingredient to a YSZ solid electrolyte ingredient conventionally. Although it could not but be anxious about 
generation and could not but consider as the low temperature around 1150 degrees C, if it takes into consideration that 
it is hard to be spread in a grain only at an air pole ingredient reacting like this invention with the alumina which exists 
in the grain boundary of a ScSZ solid electrolyte ingredient, baking by high temperature 1300 degrees C or more is also 
possible. Therefore, calcinating at once a solid electrolyte plate and a fuel electrode ingredient like nickel cermet 
generally used in an air pole ingredient list by co-sintering is realized. 
[0031] 

[Effect of the Invention] According to the solid oxide fuel cell (SOFC) concerning this invention, so that clearly also 
from the experimental result of above various kinds Replace with the yttria-stabilized-zirconia (YSZ) electrolyte 
ingredient generally known from the former as a solid electrolyte ingredient, and the scandia fully-stabilized-zirconia 
(ScSZ) ingredient of alumina combination is used. Since the air pole ingredient of lanthanum strontium comics NETO 
(LSM) is prepared in this ScSZ-aluminum203 solid-electrolyte ingredient It is the improving thing which it is only that 
an air pole ingredient reacts also by use in a prolonged high temperature ambient atmosphere with the alumina which 
exists in the grain boundary in the solid electrolyte ingredient chiefly, and spreads dependability on the long-term 
endurance list as a fuel cell very much like before since the resultant is not generated in a grain. Moreover, that a solid 
electrolyte plate, an air pole ingredient, and a fuel electrode ingredient can be calcinated at once by co-sintering 
contributes also to simplification of a production process, and cheap-ization of a manufacturing cost, and the benefit on 
the industry is very large. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the manufacture approach of SOFC which has improved the cell 
engine performance by control of the resultant in the interface of a solid electrolyte and an air pole, and its fuel cell eel 
in more detail about a solid oxide fuel cell (it is hereafter called "SOFC" for short.). 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown the result of the X diffraction of the mixed baking object of the 1 IScSZ raw 
material powder of the alumina (aluminum 203) combination which is the solid electrolyte ingredient of this invention, 
and LSM powder. 

[Drawing 2] It is drawing having shown the result of the X diffraction of the mixed baking object of the conventional 
solid electrolyte ingredient 8YSZ raw material powder and LSM powder. 

[Drawing 3] It is drawing having shown the result of the X diffraction of the mixed baking object of the thing and LSM 
powder which blended the alumina (aluminum 203) with the conventional solid electrolyte ingredient 8YSZ. 
[Drawing 4] It is drawing having shown the result of the X diffraction of the mixed baking object of the 1 IScSZ raw 
material powder and LSM powder which do not blend an alumina. 

[Drawing 5] It is the EPMA electron microscope photograph shown in order to explain the diffusion condition of Mn in 
the interface of solid electrolyte ingredient aluminum203-l IScSZ of this invention, and an LSM air pole ingredient. 
[Drawing 6] It is the EPMA electron microscope photograph shown in order to explain the diffusion integrated state of 
aluminum, Mn, and La in the interface of solid electrolyte ingredient aluminum203-l IScSZ of this invention, and an 
LSM air pole ingredient. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 6] 
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